
 

 
 
 
 Swine Team Project on Micron Evaluation of Ground Corn, 11-15-04 
 
By: Dale Ricker, OSU Extension, Swine Program Specialist  
 
This Swine Team Project is a follow up of a similar project completed 5 years ago.  
 
All swine producers are faced with a lot of questions and decisions when it comes to their feed supply. 
One of these questions is “Should I buy commercially prepared feed, or should I purchase ingredients and 
manufacture feed on the farm?” In an effort to reduce feed costs many swine producers choose to 
manufacture all or a large part of their feed. When they do this, they assume responsibility for quality 
control. The results of our 1999 Ohio State University Swine Team Project began to shed some light on 
how producers and commercial feed mills in Ohio were doing with feed processing. For the most part, the 
results of our follow up project in 2004 reflect improvements in micron size of ground corn over that 
reported in 1999.  

Research has proven that the particle size of ground corn plays a critical role in determining feed 
digestibility and mixing performance. Therefore, periodic particle size evaluation is a necessary 
component of a feed manufacturing quality assurance program. Kansas State research has shown that 
microns in the 600 to 800 range provide the greatest opportunity for the feed to be digested and utilized 
by the pig, without adverse affects of bridging in feeders and creating ulcers in pigs. A 1.2% improvement 
in feed conversion is possible for every 100 micron reduction in grain particle size. This is worth about 
$0.40 to $0.50 per pig. 

A number of factors impact the micron size of ground corn and they are: type of grinder, screen 
size and condition, number and condition of hammers, flow rate of corn to the mill, and hammer tip 
speed. The purpose of the Swine Team project was to evaluate ground corn samples from farms and 
commercial feed mills. In analyzing samples for the project, a set of 5 screens were used with a sieve 
shaker system and each sample allowed 10 minutes in the shaker system. In 1999 there were over 60 
producers and commercial feed mills that submitted ground corn samples from 28 counties across Ohio. 
The estimated number of hogs fed by participating farms and feed mills in 1999 exceeded 580,000 pigs 
fed per year. In 2004 there were 28 producers and commercial feed mills that submitted ground corn 
samples from 14 counties across Ohio. The estimated number of hogs fed by participating farms and feed 
mills exceeds 729,000 pigs fed per year.   

Corn is the major ingredient in most complete feeds and particle size of ground corn has a large 
impact on average particle sizes in the complete feed. Soybean meal usually makes up the next greatest 
ingredient by weight and can impact micron averages of complete feed. The impact of micron size of 
soybean meal on feed efficiency is not well documented, but is generally considered not to have an 
adverse affect on feed efficiency. Soybean meal is a further processed product and regardless of particle 
size, soybean meal is believed to be digested efficiently. Some producers do grind soybean meal to insure 
uniform particle size and greater feed integrity. 

Soybean meal samples were obtained from 18 producers and feed mills for micron analysis in the 
1999 project, but not in the 2004 study. The 1999 soybean meal results showed a variation in average 
microns ranging from 746 to 1340 microns.  
 



 
 
 
 
 
Hammer Mills 
 
Hammer Mills accomplish size reduction by impacting a slow moving target, such as corn, with a rapidly 
moving hammer. The hammer tip is traveling at a minimum of 16,000 feet per minute and perhaps in 
excess of 23,000 feet per minute. Size of particles is a function of hammer tip speed; hammer design, 
placement, and wear; screen design and hole size; and whether or not air assist is used.  

Table 1 below represents screen sizes that producers use in on-farm portable grinders, mix mills, 
and modern mills and the resulting micron sizes. Screen sizes ranged from 1/8 inch to 3/8 inch holes for 
on farm hammer mills. Micron sizes are categorized as lowest average microns sampled, average microns 
for all samples, and highest micron average. Factors influencing these differences in microns include flow 
rate of corn to the grinder, condition of the screen, number and condition of hammers, tip speed of 
hammers, moisture content of corn and in some cases, variety of corn.  
 
Table 1 – Screen sizes used in on farm hammer mills and resulting micron sizes (1999). 
                                                                          
  1/8 inch 5/32 inch 3/16 inch 1/4inch 5/16 inch 3/8 inch 
 13 samples 6 samples 10 samples 31 samples 8 samples 5 samples 
Microns       
Low 647 685 689 677 812 1233 
Average 746 775 824 1028 1045 1387 
High 927 825 985 1323 1138 1620 
 
 
Hammer Mills 1999 2004 
Microns   
Low  647 588 
Average   
High 1620 1346 
 
 
 
                      
As we begin to evaluate the results from the micron evaluation project, it becomes obvious that there are 
many variables that impact particle size from grinding as shown by the variations from average low 
microns to average high microns in the chart above. It is important to note that when we look at average 
microns starting with 746 and a 1/8 inch screen, we have a steady increase in average microns each time 
we increase screen size. This data would indicate that if you want to grind corn in a hammer mill to 700-
800 microns you should use a 3/16 inch screen or smaller. In some cases a 1/4 inch screen is sufficient, 
provided there are adequate numbers of hammers in good condition and other maintenance and operating 
procedures previously mentioned are practiced. Using a 3/16 inch screen or smaller will increase grinding 
time and the energy requirements to grind corn. Research at Kansas State has shown that increases in 
energy costs and labor can be more than offset by improved efficiency of gain. However, it is, important 
to consider differences in milling costs versus anticipated improvements in animal performance when 
making a final decision about how to maximize profits when grinding corn.   
 

 
 



 
 
 
Roller Mills 
 
Roller mills accomplish size reduction through a combination of forces and design features. If the rolls 
rotate at the same speed, compression is the primary force used. If the rolls rotate at different speeds, 
shearing and compression are the primary forces used. If the rolls are grooved, a tearing or grinding 
component is introduced. Course grooves provide less size reduction than fine grooves do. There is little 
noise or dust pollution associated with properly designed and maintained roller mills. Their slower 
operating speeds do not generate heat, and there is very little moisture loss. Particles produced tend to be 
uniform in size; that is, very little fine material is generated.  
 
Roller mills provide a very energy efficient grinding or rolling process that has potential to produce 
uniform particle sizes. All roller mills share the following design features, but come in various sizes. 
♦ A delivery device to supply a constant and uniform amount of corn to be ground. 
♦ A pair of rolls mounted horizontally in a rigid frame. 
♦ One roll is fixed in position and the other can be moved closer to or further from the fixed roll. 
♦ The rolls counter rotate either at the same speed or one may rotate faster; roll surface may be smooth 

or have various grooves or corrugations. 
♦ Pairs of rolls may be placed on top of one another in a frame 
Table 2 represents the low, average, and high micron averages for roller mills that were used on farms and 
commercial feed mills. There are a total of 16 samples taken from roller mills.  
 
Table 2 

Roller Mills 
16 samples 

 
1999 

 
2004 

Microns   
Low 634 607 

Average 690 666 
High 785 698 

 
 
Statistical Analysis and Findings 
 
In 1999 samples were initially submitted in duplicate or triplicate, designed to represent ground corn from 
more than a single batch of feed.  Results showed no effect of replicate, indicating that the performance of 
the individual grinder (average micron size) did not change from batch to batch, so the average values of 
the samples submitted were used in the statistical analyses. With this in mind, only one sample per feed 
mill was collected for analysis in 2004. In 1999 we used linear statistical models and analyzed the effect 
of type of mill (hammer vs roller) and type of operation (producer vs elevator) on the average micron size 
of the samples submitted (table 3).  Our findings indicated that in the sample of grinders tested, hammer 
and roller mills were statistically different in their ability to grind corn, the roller mills tested had an 
average micron size improvement of 200 microns over the hammer mill. The micron size of corn ground 
at elevators was also found to be significantly smaller than corn processed on the farm.  This indicates 
elevators are doing a better job of grinding than that of producers on the farm. 
 
 
 



Table 3. Average micron size of corn samples comparing hammer and roller mills and on-farm grinding 
compared to elevator grinding. (1999) 
 
Category 

Average 
Micron Size 

Standard Error 
of Mean 

 Grinder type   
     Hammer Mill 916.5 29.4 
     Roller Mill 720 72.6 
   
Processing Location   
     On-farm  881.4 44.1 
     Elevator 755.4 51.0 
 
 
Results of a sub-set analysis on Hammer mills (Table 4), adjusted for the effect of screen size, showed 
that corn ground at an elevator was much closer to the indicated target of 700 micron than corn ground 
through a hammer mill on the farm.  Screen size was a very important factor in the ability of the hammer 
mill to achieve a target corn micron size of 700 (Table 5). As the size of the screen increased we saw a 
linear increase in the final micron size, with screens less than 3/16 inch performing best with a target of 
700 microns in the ground corn. As indicated in Table 1, variation in micron sizes is expected for a given 
screen size, but what is important is that for the hammer mills tested, increasing the size of the screen will 
result in higher micron sizes. Newer, industrialized and built hammer mills can process corn to an 
appropriate micron size using larger screen sizes (> ½ inch ), but in typical on-farm situations, larger 
screen sizes contribute to larger than desired micron sizes.  
 
 
Table 4.  Differences between on-farm and elevator processed corn when using a hammer mill. 
 
Category 

Average 
Micron Size 

Standard Error 
of Mean 

    On-farm Hammer Mill 1069.2 53.8 
    Elevator Hammer Mill 730.76 71.7 
 
 
 
Table 5.  Impact of screen size on hammer mill processed ground corn micron size. 

Screen Size 
(inch) 

Average 
Micron Size 

Standard 
Error of Mean 

1/8 627.1 74.1 
5/32 702.5 110.8 
3/16 741.0 80.3 
1/4 854.9 70.4 
5/16 885.7 110.7 
3/8 1017.5 68.2 
1/2 1033.1 99.7 
5/8 1187.2 175.7 
3/4 1050.9 110.8 

 
 
 
 



Results and Discussion 
 
Results showed that the performance of an individual grinder did not change from batch to batch as long 
as the grinding process was replicated the same batch after batch. A majority of smaller producers (56%) 
use a screen that is a ¼ inch or larger in their hammer mills when grinding feed and results indicate 
average microns that are larger than the target of 700 microns. The results of this trial show that hammer 
mills with a 3/16 inch screen or less perform best in achieving a target of 700 microns.  
 
Kansas State Research has shown that every 100 micron reduction in particle size will yield a 1.2% 
improvement in feed efficiency. This equates to about $0.45 per pig with present feed prices. The 
economic impact to Ohio producers that participated in the project and had micron sizes greater than 800 
microns is approximately $97,000.00 in lost efficiency or approximately $0.133 per pig. In 1999 the total 
dollar value for lost efficiency was $198,000 with about 100,000 fewer hogs in the sample. This equated 
to just over $0.34 per pig. In conclusion, producers and commercial mills have made significant progress 
toward doing a better job of grinding corn to a desirable particle size.  
 
The challenge for producers and commercial feed mills continues to be monitoring micron sizes 
frequently to make the needed adjustments and maintenance to equipment for consistent particle sizes 
week after week. Implementing a weekly monitoring system for micron analysis could be a very 
worthwhile procedure for producers and feed mills that are not already doing so.  
 
Special thanks to the following Swine Team Members and allied industry representatives that assisted 
with the project. 
 
Mike Amstutz, Ph.D., Agricultural Technical Institute, Wooster, Ohio 
Glen Arnold, OSU Extension, Putnam County 
Roger Bender, OSU Extension, Shelby County 
Gary Bowman DVM, OSU Veterinary Preventive Medicine 
Randy Heldman, Gerald Grain Company, Gerald, Ohio 
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